The results of previous studies investigating whether there is an association between active smoking and risk of death among breast cancer patients have been inconsistent. We investigated the association between active and passive smoking and risk of all-cause and breast cancer-specific death among female breast cancer patients in relation to menopausal and tumor estrogen ⁄ progesterone receptor (ER ⁄ PR) status. The present study included 848 patients admitted to a single hospital in Japan from 1997 to 2007. Active or passive smoking status was assessed using a self-administered questionnaire. The patients were followed until 31 December 2010. We used a Cox proportional-hazard model to estimate hazard ratios (HR). During a median follow-up period of 6.7 years, 170 all-cause and 132 breast cancer-specific deaths were observed. Among premenopausal patients, current smokers showed a non-significant higher risk of all-cause and breast cancer-specific death. A duration of smoking >21.5 years was positively associated with all-cause (HR = 3.09, 95% confidence interval [CI], 1.17-8.20) and breast cancer-specific death (HR = 3.35, 95% CI: 1.22-9.23, P trend = 0.035) among premenopausal patients. In premenopausal patients with ER+ or PR+ tumors, there was some suggestion that a longer duration of smoking was associated with higher risk of all-cause and breast cancer-specific death. Passive smoking demonstrated no significant risk. Our results suggest that a longer duration of active smoking is associated with an increased risk of all-cause and breast cancer-specific death among premenopausal patients, possibly with hormonal receptor-positive tumors. Breast cancer patients should be informed about the importance of smoking cessation.
The results of previous studies investigating whether there is an association between active smoking and risk of death among breast cancer patients have been inconsistent. We investigated the association between active and passive smoking and risk of all-cause and breast cancer-specific death among female breast cancer patients in relation to menopausal and tumor estrogen ⁄ progesterone receptor (ER ⁄ PR) status. The present study included 848 patients admitted to a single hospital in Japan from 1997 to 2007. Active or passive smoking status was assessed using a self-administered questionnaire. The patients were followed until 31 December 2010. We used a Cox proportional-hazard model to estimate hazard ratios (HR). During a median follow-up period of 6.7 years, 170 all-cause and 132 breast cancer-specific deaths were observed. Among premenopausal patients, current smokers showed a non-significant higher risk of all-cause and breast cancer-specific death. A duration of smoking >21.5 years was positively associated with all-cause (HR = 3.09, 95% confidence interval [CI], 1. 17-8.20 ) and breast cancer-specific death (HR = 3.35, 95% CI: 1.22-9.23, P trend = 0.035) among premenopausal patients. In premenopausal patients with ER+ or PR+ tumors, there was some suggestion that a longer duration of smoking was associated with higher risk of all-cause and breast cancer-specific death. Passive smoking demonstrated no significant risk. Our results suggest that a longer duration of active smoking is associated with an increased risk of all-cause and breast cancer-specific death among premenopausal patients, possibly with hormonal receptor-positive tumors. Breast cancer patients should be informed about the importance of smoking cessation.
A long with conventional therapy, identification of modifiable lifestyle factors that might improve the prognosis of breast cancer patients is of particular interest. A handful of epidemiological studies have investigated the relationship between active smoking and survival among breast cancer patients.
(1-13) However, the results have been conflicting. Some studies report that current (1) (2) (3) (4) (5) 9, 12) and past (1, 2, 9, 10, 12) smokers had a higher risk of all-cause death after diagnosis of breast cancer, whereas others report no association between current (7, 11, 13) or past (4, 5, 7, 11) smoking and overall survival. As for breast cancer-specific death as an outcome, current smokers are reported to have a higher risk than those who had never smoked, (2, 3, 6, 8, 9) whereas other studies fail to find such an association for current (4, 5) or past smoking. (6) In addition, few studies have evaluated the associations between the quantity and duration of smoking and the survival of breast cancer patients. (5) (6) (7) 9) The associations between age at start of smoking, (6) number of cigarettes smoked per day, (5, 6) duration of smoking, (6, 9) pack-years (7, 9) and survival have rarely been investigated together, and no previous study has evaluated the association between passive smoking and survival among breast cancer patients. Some breast cancers express the estrogen receptor (ER) or progesterone receptor (PR). Tumor subtypes defined by these receptors present biologically different features. (14) Estrogen and progesterone accelerate the growth of breast cancers expressing ER ⁄ PR. The frequency distribution of ER ⁄ PR differs across menopausal status. (15) Thus, breast cancer may be a heterogeneous disease with different etiologic and biologic characteristics. An important limitation of the existing literature is a lack of information on how smoking influences the prognosis of patients with different tumor types classified by ER ⁄ PR, and with different menopausal status. A few previous studies have assessed the association between active smoking status and prognosis according to hormone receptor (2, 5) and menopausal status. (2, 3, 5, 11) Smoking might be one of the few potentially modifiable prognostic factors for patients with breast cancer; therefore, further characterization of the relationship between smoking and breast cancer prognosis is of importance to public health. With this goal in mind, we conducted a hospital-based prospective cohort study to investigate the relationship between smoking and the risk of all-cause and breast cancer-specific death among breast cancer patients in relation to both menopausal status and hormone receptor status. Analyses stratified according to menopausal and hormone receptor status were performed, along with analyses of the patients overall.
Materials and Methods
Study subjects. Between January 1997 and December 2007, 941 female patients aged 21 years or over at the Miyagi Cancer Center Hospital (MCCH) were newly diagnosed as having breast cancer. All of these patients were requested to complete a self-administered questionnaire upon initial admission. After diagnosis, their details were entered into the hospital-based cancer registry and the patients were followed up. This cancer registry recorded clinical and pathological findings and information on therapeutic treatments for all cancer patients admitted to the MCCH. This study was approved by the ethical review board of the Miyagi Cancer Center and was conducted in accordance with the principles specified in the Declaration of Helsinki.
Among the newly diagnosed breast cancer patients, 880 (93.5%) completed the questionnaire. After excluding 9 patients with a history of cancers other than breast cancer, the 871 remaining patients were included in the present study.
Questionnaire and clinical information. In 1997, we began a questionnaire survey in connection with hospital-based epidemiological studies of all types of cancer. The present study was performed within this survey. Details of the survey have already been described elsewhere. (16) (17) (18) (19) (20) (21) (22) The questionnaire was distributed to patients on the day they made an appointment for their initial admission to the MCCH (i.e. 10-15 days before admission) and collected by nurses on the actual admission day. The purpose of the questionnaire survey is described on the cover page of the questionnaire. We considered the return of the self-administered questionnaires signed by the patients to imply their consent to participate in the study. The questionnaire included items on demographic characteristics, current height and weight, family histories of cancer and other diseases, general lifestyle factors before the development of current symptoms, including history of active smoking, history of passive smoking from spouse in the case of married patients, menopausal status, and comorbidity of other diseases.
Clinical information, including tumor stage based on the UICC TNM classification, and treatment such as chemotherapy, radiation therapy and endocrine therapy, was obtained from the MCCH hospital-based cancer registry. Information on ER ⁄ PR expression was extracted from medical records. To measure ER ⁄ PR status, enzyme immunoassay was used in the early period of the study. After mid-2003, immunohistochemistry was conducted. The concordance between the two assays was 94.3% for ER and 100% for PR in the laboratory of the MCCH. (23) Receptor status was unknown for ER in 77 cases (9.1%), for PR in 87 (10.3%), and for both in 77 (9.1%); 538 (63.4%) cases were ER+ and 443 (52.2%) were PR+.
Ascertainment of exposure and follow up. At the MCCH, initial therapy is administered after admission. Therefore, data on smoking obtained from the questionnaire were considered to be pretreatment data. Information on exposure was collected from the above questionnaire survey. Exposure variables related to active smoking included history of smoking (never, past, current) and quantity and duration of smoking (i.e. age at start of smoking: never, ≤20, ≥21 years), the mean number of cigarettes smoked per day (never, ≤21, >21), duration of smoking (never, ≤21.5, ≥21.5 years) and pack-years of smoking (never, ≤13.5, >13.5). Subjects who quit smoking within 1 year before the present admission were regarded as current smokers. We combined past and current smokers into a group who had ever smoked. Duration of smoking was calculated based on the age at starting smoking, the age at quitting smoking and the age when completing questionnaire survey. Pack-years of smoking were calculated by multiplying the duration of smoking by the mean number of cigarettes smoked per day divided by 20. Cutoff points for patients' age when they started smoking, the mean number of cigarettes smoked per day, duration of smoking and pack-years were determined by their median values. Twentythree patients for whom information on smoking status was missing were excluded, leaving a total of 848 patients. The only exposure variable related to passive smoking was the husband's smoking status (never, past, current). We combined past and current passive smokers into a group who had ever been passive smokers.
Follow up was performed by reference to the MCCH Cancer Registry up to 31 December 2010. Active follow up was conducted by accessing hospital visit records, resident registration cards and permanent domicile data. Information on dates and causes of death was obtained with permission from the Ministry of Justice. During the study period, two patients (0.24%) were lost to follow up. They were treated as censored cases in the present study.
Statistical analysis. The end point of our analysis was allcause death and breast cancer-specific death according to the International Classification of Disease for Oncology, Tenth Edition (ICD-10). Survival time was calculated for each patient from the date of diagnosis to the date of death or the end of follow up.
To investigate the risk of all-cause and breast cancer-specific death, Kaplan-Meier survival analysis and Cox proportional hazards model were used. The crude associations of exposures with survival were evaluated by Kaplan-Meier analysis. The Cox proportional hazards model was used to estimate hazard ratios (HR) and 95% confidence intervals (CI) controlled by confounders. (24) Tests for trend were employed in the Cox model for all exposure variable categories as a continuous value. Never active smoking and never passive smoking from the husband were regarded as reference categories for active and passive smoking, respectively. We considered the following variables to be potential confounders: age, body mass index (BMI) (<21.2, 21.2-<23.4, 23.4-<26.0, 26.0 ≤ , missing), tumor stage (I, II, III, IV, missing), hormone receptor status (ER+ or PR+, ERÀ ⁄ PRÀ, missing), radiation therapy (no, yes), chemotherapy (no, yes), endocrine therapy (no, yes), family history of breast cancer in father, mother, brother or sister (no, yes), and physical activity (almost no, more than 1 h per week, missing), comorbidities (no, yes), and menopausal status (premenopausal, postmenopausal, missing). Comorbidities included hypertension, ischemic heart disease, stroke and diabetes mellitus. Missing values for confounders were treated as an additional variable category, and included in the model.
For active smoking, separate analyses were conducted after dividing the patients according to menopausal status, along with analysis of the patients overall. Furthermore, stratification according to ER ⁄ PR status was performed only among premenopausal women, because there were comparatively fewer smokers among postmenopausal patients. For passive smoking, analysis for the association with all-cause and breast cancerspecific death was limited to the patients who had never smoked. Separate analyses were conducted by dividing the patients according to menopausal status along with ER ⁄ PR status. To evaluate the heterogeneity of the associations between exposure variables and all-cause death and breast cancerspecific death across menopausal status (premenopausal vs postmenopausal) and ER ⁄ PR status (ER+ or PR+ vs ERÀ ⁄ PRÀ), interaction terms (exposure variables * menopausal status, exposure variables * ER ⁄ PR status) were tested in the Cox models. Likelihood ratio tests were used to assess the significance of heterogeneity by comparing the model including the interaction term to the main-effects model. Menopause was defined as the cessation of menstrual periods due to natural or other reasons, including surgery. With regard to menopause due to other reasons, we were unable to obtain any information about history of oophorectomy; therefore, patients 44-57 years of age (defined as the mean age at natural menopause AE2 SD) were regarded as having unknown menopausal status.
Results were regarded as significant if the two-sided P-values were <0.05. All statistical analyses were performed using the SAS software package (version 9.3; SAS Institute, Cary, NC, USA).
Results
During a median follow-up period of 6.7 years, 170 all-cause and 132 breast cancer-specific deaths were observed. The characteristics of the patients at the time of breast cancer diagnosis are shown in Table 1 . Current smokers tended to be younger, to have a lower BMI, to have more advanced tumors, and to have fewer comorbidities than never-smokers. A total of 302 patients (35.6%) were premenopausal, 495 (58.4%) were postmenopausal and menopausal status was unknown for 51 patients (6.0%). With regard to hormone receptor status, 557 cases (65.7%) were ER+ or PR+, and 211 (24.9%) were ERÀ ⁄ PRÀ.
Kaplan-Meier analysis showed no association of smoking status with overall and breast cancer-specific survival among the patients overall. Stratification by menopausal status indicated different patterns in survival between pre-menopausal and post-menopausal patients. Among premenopausal patients, current smokers tended to have shorter survival. Shorter survival was also observed for early starters of smoking (≤20 years), heavy smokers (>21 per day) and long-term smokers (≥21.5 years), respectively (data not shown). Among them, Kaplan-Meier survival curves clearly indicated decreasing survival with increasing duration of smoking (Fig. 1) . However, such associations of smoking status with survival were not observed for postmenopausal patients. Table 2 shows the association of active smoking with allcause death and breast cancer-specific death among the patients overall based on the Cox models. In comparison with patients who had never smoked, those who had ever, currently and previously smoked had no significant risk. Age at start of smoking, number of cigarettes per day, duration of smoking and pack-years were also not shown to be associated with risk.
Stratification by menopausal status yielded inconsistent results (Table 3) . Among premenopausal patients, ever and current smokers had a non-significantly higher risk of all-cause and breast cancer-specific death. In terms of smoking duration, subjects who had smoked for more than 21.5 years showed a significantly higher risk for all-cause (HR = 3.09, 95% CI: 1.17-8.20) and breast cancer-specific (HR = 3.35, 95% CI: 1.22-9.23, P trend = 0.035) death than those who had never smoked. Patients who had started smoking at the age of 20 years or younger, those who smoked 11 or more cigarettes per day and those who had more than 13.5 pack-years showed a non-significantly higher risk of both all-cause and breast cancer-specific death. Postmenopausal patients tended to show an inverse association with the exposures listed; however, statistical analysis showed that this was not significant. Age at start of smoking (P heterogeneity = 0.005 for all-cause death, P heterogeneity = 0.005 for breast cancer-specific death), number of cigarettes per day (P heterogeneity = 0.013 and 0.015), duration of smoking (P heterogeneity = 0.02 and 0.018) and pack-years (P heterogeneity = 0.042 and 0.035) were heterogeneously associated with risk according to menopausal status.
Based on a limited number of patients (Table 4) , there was some suggestion that a smoking duration of more than 21.5 years showed higher all-cause and breast cancer-specific death among premenopausal patients with ER+ or PR+ tumors by the further stratification according to ER ⁄ PR status. Kaplan-Meier survival curves also showed shorter overall and breast cancer-specific survival among these premenopausal patients with longer duration of smoking (not shown in figures) . In comparison to patients with ER+ or PR+ tumors, patients with ERÀ ⁄ PRÀ tumors tended to have no significant risk associated with smoking status. , radiation therapy (no, yes), chemotherapy (no, yes), endocrine therapy (no, yes), family history of breast cancer in father, mother, brother or sister (no, yes), physical activity (almost no, more than 1 h per week, missing), comorbidities (no, yes), menopausal status (premenopausal, postmenopausal, missing) and passive smoking from spouse (never, ever, missing). BMI, body mass index; CI, confidence interval; ER, estrogen receptor; HR, hazard ratio; PR, progesterone receptor. Table 5 shows the association of passive smoking with allcause death and breast cancer-specific death among married patients. Analyses stratified according to menopausal status and ER ⁄ PR status demonstrated no significant change in risk for passive smoking from the husband associated with allcause and breast cancer-specific death. 
Discussion
This study showed that a longer duration of smoking was associated with a significant higher risk of all-cause and breast cancer-specific death among premenopausal patients. These findings were also supported by the Kaplan-Meier survival analysis. Stratification by hormone receptor status indicated (I, II , III, IV, missing), radiation therapy (no, yes), chemotherapy (no, yes), endocrine therapy (no, yes), family history of breast cancer in father, mother, brother or sister (no, yes), physical activity (almost no, more than 1 h per week, missing), comorbidities (no, yes), and passive smoking from spouse (never, ever, missing). BMI, body mass index; CI, confidence interval; ER, estrogen receptor; HR, hazard ratio; PR, progesterone receptor.
that a longer duration of smoking appeared to be associated with a higher risk of all-cause and breast cancer-specific death among premenopausal patients with ER+ or PR+ tumors. No significant association was observed among postmenopausal patients. Previous studies investigating the relationship between active smoking and patient outcome have showed conflicting results. (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) Furthermore, only four of these studies considered menopausal status (2, 3, 5, 11) and only two considered hormone receptor status. (2, 5) In Japan, one study has assessed the association between active smoking and overall survival among 398 patients; however, stratification by menopausal and hormone receptor status has never been performed. (25) No previous study has evaluated the association between passive smoking and survival among breast cancer patients. Our study is of importance in having assessed the relationship between active and passive smoking and all-cause or breast cancer-specific death to the point of taking into consideration multiple risk factors for breast cancer in addition to menopausal status and hormone receptor status among Japanese breast cancer patients.
Some studies, mainly from Western countries, have shown that current (1) (2) (3) (4) (5) 9, 12) and past (1, 2, 9, 10, 12) smokers were at higher risk of all-cause death after diagnosis of breast cancer and that current smokers had a higher risk of breast cancer-specific death than individuals who had never smoked. (2, 3, 6, 8, 9) Current smoking was reported to be associated with a higher risk of all-cause (3) and breast cancer-specific death among premenopausal patients. (2, 3) In our study, in comparison to never smokers, current smokers and individuals who had ever smoked in the past had a non-significantly higher risk of all-cause and breast cancer-specific death among premenopausal patients. One previous study showed that earlier age at start of smoking, a higher number of cigarettes smoked per day and a longer duration of smoking were associated with a higher risk of all-cause death. (6) The results in our study were generally consistent with the previous study of premenopausal women; in particular, long-term premenopausal smokers (duration of smoking >21.5 years) had a higher risk of all-cause and breast cancer-specific death. In contrast, postmenopausal patients had no significant risk associated with active smoking. One possible reason for this higher risk of death among premenopausal patients is that lifestyles related to smoking might also influence the prognosis of breast cancer patients. In comparison with never smokers, current smokers among women in the Miyagi cohort, whose residential area was roughly the same as that of patients in our study, were less educated, and consumed fewer green vegetables and oranges. (26) In the present study, premenopausal long-term smoking patients tended to be physically inactive and to consume little fruit (data not shown). These specific lifestyles among long-term smoking patients might have affected their prognosis. (27, 28) However, more studies to clarify the association between survival and smokingrelated lifestyles are clearly needed.
One previous study showed that only current, and not past, smokers had a significantly higher risk of breast cancer-specific death among women with ER+ tumors. (2) However, another study showed no association between current and past smoking and breast cancer-specific death among women with ER+ ⁄ PR+ or ERÀ ⁄ PRÀ breast cancers. (5) In our study with a limited number of patients, there was some suggestion that those with a longer duration of smoking might have a higher risk of all-cause and breast cancer-specific death by stratification of hormone receptor status among premenopausal women. It has been suggested that this potential relationship might be related to the estrogen-like substances in active tobacco smoke, which can exert estrogenic effects. (29) According to the detailed analysis of our data, premenopausal ER+ or PR+ cancer patients with a longer duration of smoking tended to have more advanced tumors compared to those who had never smoked or had only smoked from a short duration. Furthermore, the magnitude of the risk of death was essentially unchanged in the analysis among patients with stage I-III cancer (data not shown). These observations suggest that long-term exposure to the estrogen-like substances in tobacco smoke might accelerate the progression of hormone receptor-positive tumors. (30) (31) (32) Smoking-related ER+ or PR+ tumors might be of high grade. In addition, long-term smoking might cause immunological deterioration. (33) Such effects of smoking on hormonal and immune systems and the abovementioned lifestyle factors could contribute to the increased risk of all-cause and breast cancer-specific death among premenopausal patients with ER+ or PR+ breast cancer. Further large-scale studies are needed to confirm or refute our results.
Our study demonstrated no association between passive smoking as a result of inhaling the husband's tobacco smoke and survival of breast cancer patients. No previous studies have demonstrated an association between passive smoking and the survival of breast cancer patients. Some prospective studies in the USA (34, 35) and in Japan (22, (36) (37) (38) have demonstrated the association between passive smoking and the risk of breast cancer, but these results have not been consistent; therefore, an association between passive smoking and the incidence risk of breast cancer remains to be clarified, let alone an association between passive smoking and survival of breast cancer patients.
Several limitations of our present study need to be considered. First, some patients might have ceased active and passive smoking after developing diseases, and this might have led to misclassification of active and passive smoking status. However, because our questionnaire was given to each patient on the day they made an appointment for their first admission to the MCCH before any definite diagnosis or treatment, any information bias would likely have been minimal. Second, only information about passive smoking from the husband's tobacco smoke among married women was included in the analysis. The role of passive smoking might not have been fully evaluated due to the lack of data on exposure to occupational passive smoking. Third, active and passive smoking may cause comorbidities and increase mortality. We carried out a sensitivity analysis among patients without comorbidities (n = 649), but the results remained almost unchanged (data not shown). Fourth, stratification by hormone receptor status among premenopausal patients may have resulted in false positive or false negative results. The 95% CI were wide for HR according to hormone receptor status among premenopausal cases, suggesting that the statistical power might have been limited due to the relatively small number of patients and all-cause and breast cancer-specific deaths. However, smoking prevalence among Japanese women has been lower than among Western populations. (39) (40) (41) To obtain reliable results with this stratification, subsequent recruitment of patients and follow up will be required. Fifth, the generalizability of our results may have been limited because our study was conducted among a population living in a rural area of Japan. More studies are needed to verify our results and to assess their generalizability.
One of the strengths of the present study was that only two of the patients were lost to follow up during the study period. The MCCH Cancer Registry conducts active follow up by accessing hospital visit records, resident registration cards and permanent domicile data. In cases of death occurring outside the hospital, information on the date and cause of death were obtained with permission from the Ministry of Justice. Another strength was that our study gave consideration not only to clinical stage but also treatments such as chemotherapy, endocrine therapy and radiation therapy from an epidemiological viewpoint. Thus, smoking is regarded as an independent risk factor for all-cause and breast cancer-specific death. Based on our findings, clinicians will be able to advise breast cancer patients to cease smoking. Furthermore, our study may well provide important information also for public health policy. Considering the higher risk of death for premenopausal patients with more than 21.5-year duration of smoking, smoking control targeting of young people is essential. This smoking control will contribute not only to the reduction of breast cancer mortality but also the prevention of smoking-related cancers. (42) In conclusion, factors associated with active smoking, such as a longer duration of smoking, were shown to be associated with a higher risk of all-cause and breast cancer-specific death in premenopausal patients. Higher risk also appeared to be present in premenopausal patients with ER+ or PR+ tumors. No such significant association was observed among postmenopausal patients. Passive smoking was not associated with any risk. To improve the prognosis of breast cancer, breast cancer patients should be informed about the importance of smoking cessation in the clinical setting. Moreover, considering the higher risk of death for premenopausal patients with a long duration of smoking, smoking control targeting young people is urgently needed.
